XAD fractionation has been widely used for isolating natural organic carbon into different fractions for disinfection by-product (DBP) formation tests. The widely used Amberlite w XAD-8 resin is no longer commercially available and SupeliteY DAX-8 resin has been substituted in recent research. The objective of this study was to evaluate the differences, in terms of reactivity in DBP formation, among the dissolved organic carbon (DOC) fractions isolated by these two resins. DOC collected from two rivers and two soils in the Sacramento -San Joaquin Watershed However, the fractions of soil humic substances, particularly organic-rich soil, isolated by these two resins may have different chemical characteristics.
INTRODUCTION
Dissolved organic carbon (DOC) has been identified as a precursor in forming carcinogenic disinfection by-products (DBPs) during drinking water treatment, such as chlorination and ozonation (Nawrocki & Kalkowska 1999; Rook 1976) . Not all organic carbon is equally reactive in forming DBPs (Croue et al. 2000; Swietlik et al. 2004; Chow et al. 2005b) . Identifying the reactive fractions of DOC is important for water utilities to develop effective treatment strategies to minimize DBP formation. phobic fraction is that portion of DOC that sorbs to the resin at pH 2 with a capacity factor (k 0 ) of 50, where k 0 is defined as the mass of a solute sorbed on the XAD-8 or DAX-8 resin divided by the mass of the solute in column void volume (Aiken et al. 1992) . The portion of DOC that passed through the XAD-8 or DAX-8 resin at pH 2 is generally termed as the hydrophilic fraction. The hydrophilic fraction can be further fractionated into transphilic and truly hydrophilic fractions by using XAD-4 resin, which are the eluate and the effluent of the XAD-8/DAX-8 effluent running through a XAD-4 column, respectively (Krasner 1999; Leenheer & Croue 2003) . The hydrophobic fraction can be further fractionated into acidic, basic and neutral fractions by using different eluting solvents. Hydrophobic acid and hydrophobic base are the portions of DOC that are eluted with 0.1 M NaOH and 0.1 M HCl from the XAD-8 or DAX-8 resins, respectively. The hydrophobic neutral fraction is those compounds that adsorb onto the resin, do not dissolve during elution with NaOH nor HCl, but can be extracted by organic solvents such as acetonitrile (Aiken et al. 1992) . The hydrophobic fraction has a higher aromatic and phenol content, while the hydrophilic fraction contains less aromatic character but a higher content of oxygen, sulfur and nitrogen. Generally, the hydrophobic fraction is more reactive in trihalomethane formation than the transphilic and truly hydrophilic fractions (Owen et al. 1993; Croue et al. 2000) .
Both XAD-8 and DAX-8 resins are made of poly(methyl methacrylate). In spite of their similarities in physical and chemical structures (i.e. non-ionic macroporous copolymer with large surface area), the technical specifications such as pore size and surface area of DAX-8 resin are slightly different from those of XAD-8 resin (Table 1) . Studies using pyrolysis gas chromatography and synchronous scanning fluorescence spectroscopy showed that sorption by the DAX-8 resin was
systematically greater compared to that of XAD-8 resin (Peuravuori et al. 2002a, b) . Importantly, the content of aliphatics is slightly greater in DAX-8 isolates, although there was no significant difference between the major elemental compositions of the parallel humic solutes obtained by these two resins (Peuravuori et al. 2001) . The differences in sorption efficiency and aliphatics content imply that isolates from the two resins may have different propensity in forming DBPs.
In addition to isolating aquatic humic substances, XAD fractionation has been widely used in isolating fulvic acid from soils (Swift 1985; Stevenson 1994) . However, studies comparing XAD-8 and DAX-8 resins only examined samples from aquatic environments (Peuravuori et al. 2001 (Peuravuori et al. , 2002b . The differences between XAD-8 and DAX-8 resins in isolating DOC fractions from terrestrial (Amy et al. 1990; Fujii et al. 1998; Chow et al. 2003; Li et al. 2003) . The objective of this study was to compare the reactivity in DBP formation of DOC fractions isolated by XAD-8 and DAX-8 resins and to provide a linkage between the data using different resins.
Four parameters commonly used to predict DBP formation in the water industry were evaluated: specific ultraviolet absorbance at 254 nm (SUVA 254 ), differential ultraviolet absorbance at 272 nm (DUVA 272 ), specific trihalomethane formation (STHMFP) and specific haloacetic acid formation (SHAAFP) (Summers et al. 1996; Korshin et al. 1997; Li et al. 1998 Li et al. , 2000 Weishaar et al. 2003) . Both soil and aquatic humic substances collected from the SacramentoSan Joaquin Watershed were examined in this study.
MATERIALS AND METHODS
Origin of samples DOC was collected from two riverine waters and two soils in the Sacramento-San Joaquin Delta, California. Samples were chosen as they were representative of many aquatic and soil humic substances found in this region. The Sacramento -San Joaquin Delta is a drinking water source for 22 million people in California and soil and riverine DOC have been identified as major sources of DBP precursors (Amy et al. 1990; Brown 2003 1977, 1993) . These two soils were selected because they are After refrigeration at 48C overnight, the extracts were filtered again through a 0.45 mm membrane filter. The filtrate was collected and readjusted to pH 2 by adding 6 M NaOH for XAD/DAX fractionation. Organic material not passing through the 0.45 mm membrane filter, by definition, was humic acid (Swift 1985; Stevenson & Cole 1999) . Briefly, soil extracts were passed through a 0.45 mm filter twice and soil humic acid was removed prior to fractionation. Only fulvic acid was isolated from the XAD-8 or DAX-8 column. 
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RESULTS AND DISCUSSIONS
General properties of riverine and soil samples measurements (Traina et al. 1990; Novak et al. 1992) . The STHMFP and SHAAFP were not significantly different ( p . 0.05) between the two soils. Also, the bromide levels of the two soils were below the detection limit and the effects of bromide on DBP formation can be neglected.
Sorption efficiency
The sorption efficiency of DAX-8 resin was systematically greater compared to that of the XAD-8 resin for both aquatic and soil humic substances, although the differences of DOC in isolated fractions were not significant ( p . 0.05) (Tables 4   and 5 ). For each riverine or soil sample, XAD-8 effluent contained a higher percentage of DOC than DAX-8 effluent.
Equivalently, a higher percentage of DOC in eluates, as backflushed with 0.1 M NaOH, was recovered from DAX-8 resins.
Considering the water sample from the Tuolumne River as an example (Table 4) , 38% of DOC was not sorbed and was collected as effluent from a XAD-8 column; meanwhile, 55%
of DOC was collected as eluate from the same XAD-8 column. Also, 7% of DOC was retained in the column as hydrophobic neutral fraction after elution with 0.1 M NaOH.
By comparison, 35% of DOC passed through the DAX-8 column, 59% of DOC was back-flushed with NaOH and 6%
of DOC was retained. On average, with all our tested samples, (Traina et al. 1990; Novak et al. 1992; Weishaar et al. 2003) . DUVA 272 is also an excellent indicator of total organic halogen and DBP formation (Korshin et al. 1997; Li et al. 1998 Li et al. , 2000 . (Senesi et al. 1989; Malcolm 1990) , implying that soil humic substances have a stronger hydrophobic character than aquatic humic substances. In our tested samples, greater aromatic carbon content as measured by SUVA 254 was observed in soil humic substances (Tables 2 and 3) . 
As mentioned, DAX-8 resin has a better hydrophobichydrophilic sorption -desorption property (Peuravuori et al. 2002a ) and can adsorb 3 times more soil humic acid than XAD-8 resin (Franworth 1995 (Ogura & Hanya 1966; Croue et al. 2000) , and wavelengths greater than 500 nm are usually featureless (Stevenson 1994) . For each tested sample, the SUVA and 
